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Intra-GBM site of the functional ffltration barrier for endogenous
proteins in rats. The passage of various endogenous proteins [such as
albumin, transferrin, immunoglobulin G (IgG), and immunoglobulin M
(1gM)] across GBM was studied in vivo in normal Munich-Wistar rats.
Glomeruli were fixed by three different methods: in situ drip-fixation,
perfusion- and immersion-fixation; then they were processed for immu-
nogold electron microscopy. The most reproducible results were ob-
tained with in situ drip-fixation. Albumin, transferrin and IgG pene-
trated into GBM, but 1gM did not. Morphometry revealed that density
of albumin increased towards the inner 1/5 to 1/3 of GBM (junction of
lamina rara interna and lamina densa) and decreased towards the
subepithelial region of GBM, whereas density of IgG and transferrin
was the highest at the subendothelial site and declined towards the
subepithelial side of GBM. These findings suggest that central and/or
outer zone of GBM constitute the main filtration barrier for albumin,
and that subendothelial zone may contribute also to the charge-
selective barrier. It is also suggested that the subendothelial zone acts
more effectively as a filtration barrier for IgG and transferrin than for
albumin. In the outer zone of GBM, which roughly corresponds to
lamina rara externa visualized by conventional electron microscopy,
the relative density of IgG and transferrin was higher than that of
albumin. Since the p1 of albumin was lower than that of IgG and
transferrmn, this finding suggests that subepithelial zone of GBM also
acts as a charge-selective barrier. In conclusion, the main GBM
filtration barrier for albumin might be the central and outer zones of
GBM, and that for transferrin and IgG might be the entire width of
GBM. The central zone apparently functions as the main size-selective
barrier, and both the outer and inner zones of GBM as the charge-
selective one. The filtration barrier for a given endogenous protein does
not reside in a particular site within GBM, nor does it function on
all-or-nothing basis.
The glomerular basement membrane (GBM) incorporates a
charge- and/or size-selective barrier against plasma macromol-
ecules. Batsford, Rohrbach and Vogt [1] demonstrated that the
lamina densa (LD) has a size-selective function by using vari-
ously sized cationic ferritins as ultrastructural tracers. How-
ever, their method suffers from the possibility that the exoge-
nous electron-dense tracer itself caused perturbation of the
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selective permeability of the GBM [2—4]. Ryan and Karnovsky
[5, 6] have provided morphological evidence that the penetra-
tion of the endogenous albumin and IgG was stopped at the
level of the endothelial fenestrae in the GBM by using an
immunoperoxidase technique after in situ drip-fixation. How-
ever, Laliberte et al [7] reported a conflicting result obtained
from the same procedure: that the main barrier was the LD.
Thus, the exact site of retention of endogenous albumin and IgG
in the GBM in vivo has not yet been determined. It is also
uncertain to date whether the barrier function is a complete one
or if it allows small amounts of the macromolecule. The
colloidal gold labeling technique has recently been applied to
post-embedding staining for quantitative immunoelectron mi-
croscopy, since there are no artifacts due to diffusion or
reabsorption as seen with the immunoperoxidase method [8]. In
the present study, we reveal the site of the filtration barrier for
various plasma proteins in normal Munich-Wistar rats by com-
bining in situ drip-fixation and immunogold immunocytochem-
istry.
Methods
Animals
Eleven male Munich-Wistar rats weighing 200 to 220 g were
purchased from Charles River Japan, Inc. (Atsugi, Japan), and
were housed in metabolic cages with free access to food and
water prior to use. Daily (24 hr) urine collections were analyzed
for albumin and IgG by the single radial immunodiffusion
method [9] and by an enzyme-linked immunosorbent assay,
respectively. The animals excreted 0.32 to 0.56 mg of albu-
min/24 hr and 0.14 to 0.18 mg of IgG/24 hr.
In situ drip-fixation
To assess the in vivo passage of endogenous proteins across
the GBM in the presence of renal perfusion, in situ drip-fixation
was performed. Five rats were anesthetized with an intraperi-
toneal injection of sodium pentobarbital (Nembutal, 50 mg/kg)
and the abdomen was opened through a midline incision on an
operating table heated at 37°C. The ventral aspect of the left
kidney was exposed and the renal capsule was gently stripped
from the surface. This surface region was fixed in situ for 90
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Fig. 1. Glomerular distribution of endogenous albumin after in situ drip-fixation. A. The gold particles indicating albumin antigenic sites are
present homogeneously in the capillary lumen. Epitheial cell surfaces and the urinary space are free of labeling. On the GBM, most of the labeling
is found on the endothelial side. B. The gold particles are within the podocyte (arrow). C. The mesangial matrix is labeled intensely. Abbreviations
are: CL, capillary lumen; US, urinary space; P, podocyte; M, mesangial cell. A: x20,000, B: x40,000, C: x20,000.
minutes by dripping freshly made 4% paraformaldehyde in 0.1 any toxic effect on the rats. The fixed cortical tissues were
M phosphate buffer (pH 7.4). During this procedure, the solu- trimmed, cut into 1 mm cubes, and then immersed in the same
tion was extensively drained from the abdominal cavity to avoid fixative for 120 minutes at 4°C.
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Fig. 2. Immunoelectron micrograph of GBM sections after in situ drip-fixation. A. Most of the gold particles indicating albumin are found in the
inner half of the lamina densa. The lamina rara externa and the subslit-membrane region are labeled sparsely. In the lamina rara interna, labeling
is also of low density. B and C. The gold particles indicate rat IgG (B) and transferrin (C), respectively. The density of labeling for both IgG and
transferrin is high in the inner half of the GBM and decreases towards the distal zone and the subslit membrane region. D. Gold particles indicating
1gM antigenic sites are present homogeneously in the capillary lumen, while the epithelial cells and the urinary space are negative. Labeling is
sparse in the LRI of the GBM. Abbreviations are: CL, capillary lumen; US, urinary space. ><50,000.
Perfusion fixation
To investigate in vivo physiological interactions between
endogenous proteins and the GBM, the kidneys of three rats
were fixed by perfusion. After opening the abdomen as men-
tioned above, a catheter was inserted into the aorta below the
origin of the left renal artery. Shortly after perfusion was
started, the aorta was clamped above the renal vessels and the
inferior vena cava was cut. Isotonic saline was first perfused
retrogradely for one minute at 120 mm Hg, and then 4%
paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) was
perfused for 10 minutes. The kidneys were then removed, cut
into 1 mm cubes, and immersed in the same fixative mentioned
above for 120 minutes at 4°C.
Immersion fixation
To compare the influence of the fixation procedures on the
distribution of endogenous albumin, immersion fixation was
performed in three rats. After opening the abdomen as men-
tioned above, the left kidney was trimmed and cut into 1 mm
cubes, and then immersed in 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4) for 120 minutes at 4°C.
Immunocytochemistry
Small pieces of cortical tissue were dehydrated in a graded
ethanol series and embedded in Lowicryl K4M (Lowi GmbH
and Co., Waldkraiburg, Germany) at —30°C according to the
protocol of Carlemalm, Garavito and Villiger [10]. Semi-thin
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Fig. 3. Immunoelectron micrograph of a
perfusion-fixed glomerulus. A. Albumin
antigenic sites labeled by gold particles are
not seen in the glomerulus. B. Gold particles
indicating 1gM are found sparsely only in the
mesangial matrix. Abbreviations are: CL,
capillary lumen; US, urinary space; P,
podocyte; M, mesangial cell. x20,000.
sections (1 jim) were cut with glass knives on a Reichert
Ultracut ultramicrotome (Reichert-Jung, Vienna, Austria) and
were stained with 1% methylene blue. The superficial glomeruli
located less than one tubule width from the renal surface were
detected in the semi-thin sections by light microscopy. In each
animal, 5 to 12 blocks were cut and two to three glomeruli were
found. Then ultrathin sections (50 to 60 nm) of the superficial
glomeruli were cut using a diamond knife and were mounted on
nickel grids. These sections were incubated with the first
antibodies described below for two hours, followed by incuba-
tion for 30 minutes at room temperature with goat anti-rabbit
IgG or rabbit anti-goat IgG tagged with 10-nm colloidal gold
particles (Janssen Life Sciences Products, Olen, Belgium),
which were diluted 1:10 in 0.02 M Tris-HC1 buffer (pH 7.0)
containing 0.1% bovine serum albumin. The same Tris-HC1
solution was used for preincubation and rising between each
step. Phosphate-buffered saline (PBS) was used for the deter-
mination of rat albumin to avoid cross reactions between bovine
serum albumin and rat serum albumin. Optimal antibody dilu-
tions were established in preliminary studies. The specific
antibodies used in this study were rabbit anti-rat albumin
antiserum (diluted 1:1,500 in PBS) (Cappel, West Chester,
Pennsylvania, USA), rabbit anti-rat IgG antiserum (diluted
1:500 in Tris-HC1) (E-Y Laboratories, Inc., San Mateo, Cali-
fornia, USA), rabbit anti-rat transferrin antiserum (diluted
1:1,000 in Tris-HC1) (Cappel) and goat anti-rat 1gM (H and
L)-F(ab')2 fragments of IgG (diluted 1:100 in Tris-HC1) (Amer-
ican Qualex, La Mirada, California, USA). Serial sections were
used to detect the various proteins in the GBM. The sections
were then stained with uranyl acetate for 10 minutes and
observed under a JEM-200CX electronmicroscope (JEOL, To-
kyo, Japan).
The specificity of the immunolabeling was assessed by the
following control experiments: (1) incubation with the immu-
nogold complex alone, omitting the antibody step; (2) incuba-
tion in a solution of antibody to which the specific antigen (rat
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Fig. 5. Immunoelectron micrograph of a GBM section after in situ
drip-fixation. Very few gold particles indicating albumin are present
over the GBM when the section was incubated with an anti-albumin
antibody preabsorbed with rat albumin, followed by immunogold label-
ing. Abbreviations are: CL, capillary lumen; US, urinary space; P,
podocyte; RBC, red blood cell. x40,000.
albumin or rat IgG) was added, followed by immunogold
labeling; and (3) use of normal rabbit serum followed by the
immunogold complex.
Morphometric analysis of endogenous proteins trapped in the
GBM
Fig. 4. Endogenous albumin localization in an immersion-fixed gb-
merulus. A. No gold particles indicating albumin are seen in the
capillary lumen, and the GBM is very sparsely labeled. B. The GBM is
not labeled homogeneously. In the urinary space, some material labeled
with gold particles is found (arrows). C. Gold particles indicating
albumin almost fill the capillary lumen, but they are somewhat fioccu-
lent. A density gradient of gold labeling is found in the inner half of the
GBM, which decreases towards the distal zone of the GBM. As
indicated in A, B and C, immersion fixation results in the distributions
of endogenous plasma proteins differing from glomerulus to glomerulus.
Abbreviations are: CL, capillary lumen; US, urinary space. X30,000.
The number and localization of the gold particles labeling the
GBM was determined by morphometric analysis. For each
plasma protein, 12 to 20 randomly selected electron micro-
graphs of the GBM in two or more glomeruli per animal were
recorded at a magnification of 20,000. Pictures were printed at
a final magnification of 50,000 to allow counting of the gold-
labeled proteins in the GBM. The localization of gold particles
in the GBM was expressed as A/B (0 the ratio 1.0) using a
computerized image analyzer (Videoplan, Carl Zeiss Inc., Ger-
many), where A stands for the distance between a gold particle
and the abluminal side of the endothelial cell, and B for the
thickness of GBM at the same site. The GBM was arbitrarily
divided into 20 layers depending on the ratio values (0 to 1.0),
and the percent distribution of particles in each layer was
expressed by a histogram. Morphometry was performed only
on straight sections of the GBM that were remote from the
mesangial region and were cut perpendicular to the long axis of
the GBM. In such sections, the epithelial and endothelial pores
were not circular [11]. In order to avoid the contamination of
lead citrate, the specimen for the observation of gold particles
was stained only with uranyl acetate, which, however, failed to
provide clear demonstration of the three layers of GBM due to
the poor preservation of the tissue by our method. Therefore, in
an attempt to show the localization of gold particles in relation
to the three layers of GBM, lamina rara interna (LRI), lamina
densa (LD) and lamina rara externa (LRE), double staining with
uranyl acetate and lead citrate were performed separately in the
consecutive sections, and by comparing the two consecutive
sections the localization of particles were determined in relation
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Fig. 6. Distribution of rat albumin (top), rat IgG (middle), and rat
transferrin (bottom) in a GBM section after in situ drip-fixation. A. The
labeling density increases towards inner 1/5 to 1/3 of GBM and then
decreases towards epithelial side of GBM. B and C. Labeling of IgG (B)
and transferrin (C) is most prominent at inner aspect of GBM and
gradually decreases towards the epithelial side. Abbreviations are: End,
endothelial cell surface; Epi, epithelial cell surface; LRI, lamina rara
interna; LD, lamina densa; LRE, lamina rara externa.
1.0
Table 1. Relative density of gold particle labeling
N
LRI LD LRE
%
Albumin 5 25.6 3.2 71.6 2.7 2.8 0.8
IgG 5 34.6 33 61.2 3.2a 4.2 O.8
Transferrin 5 5•4 jb 60.6 15b 4.0 04b
Abbreviations are: LRI, lamina rara interna; LD, lamina densa; LRE,
lamina rara externa.
a P < 0.05 compared with albumin
b P < 0.05 compared with albumin
to LRs and LD. The thickness of GBM appeared unchanged
between these sections, but we could not confirm that what we
described as LRI, LD and LRE exactly corresponded to those
visualized by conventional electron microscopy. Ten electron
micrographs were taken from each block at a magnification of
x20,000 and pictures were printed from them at a magnification
of x80,000. In these micrographs, the distance between the
endothelial plasma membrane and the inner border of the LD,
the distance between the inner and outer borders of the LD, and
the distance between endothelial and epithelial plasma mem-
branes were measured at 0.5 jsm intervals. Then, the percent
thickness and the relative density of the gold particles in each of
the three GBM layers were calculated using an image analyzer.
Statistical analysis
The significance of differences between groups was deter-
mined by one-way analysis of variance followed by the Student-
Newman-Keuls analysis test. Results were deemed statistically
significant when the P value was less than 0.05. Data are
expressed as the mean SD.
Results
Intra-GBM distribution of endogenous proteins after in situ
drip-fixation
Gold particles indicated that albumin, transferrin, IgG, and
1gM were distributed homogeneously in most of the capillary
lumens (Figs. 1A and 2). Almost no labeling was noted in the
urinary space and on the membranes of the podocytes (Figs. 1
and 2).
Gold labeling for albumin, IgG, and transferrin was found
over the GBM after in situ drip-fixation. For albumin, the
density of gold labeling was the highest at the inner 1/5 to 1/3 of
GBM, and was decreased towards the outer zone of the GBM
(Fig. 2A). The labeling was sparse in the subepithelial and
subslit membrane region (Fig. 2A). In the subendothelial site,
the labeling was only slight (Fig. 2A). For IgG and transferrin,
the density was the highest at abluminal site of GBM and
1.0 decreased towards the epithelial side (Figs. 2 B and C). Label-
ing was also sparse in the subepithelial and subslit membrane
region (Figs. 2 B and C). In the epithelial cells, the labeling for
albumin, IgG, and transferrin were found only in restricted
numbers (Fig. 1B). Labeling for these protein was rather
intense in the mesangial matrix (Fig. lC).
In contrast, the distribution of 1gM after in situ drip-fixation
was virtually restricted to the capillary lumen and the mesangial
matrix, and only sparse gold labeling was detected in the
endothelial region (Fig. 2D).
0
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Distribution of endogenous proteins after perfusion fixation
In perfusion-fixed tissues, almost no gold labeling of albumin,
IgG, or transferrin was detected in the glomeruli (Fig. 3A),
except a very little labeling in the epithelial cells. Some sparse
labeling for 1gM was also observed in the mesangial matrix (Fig.
3B).
Distribution of endogenous albumin after immersion fixation
With regard to the localization of endogenous albumin fol-
lowing immersion fixation, the findings were not consistent.
The distribution of labeled albumin in the capillary lumen varied
among the capillary loops of the glomerulus (Fig. 4). Less
albumin labeling was noted in the GBM when compared with in
situ drip-fixation (Fig. 4A). Also, the distribution of the labeling
was not uniform (Fig. 4B), and very occasional labeling in the
urinary space was noted (Fig. 4B). However, labeling of the
GBM where the abundant albumin was noted in the capillary
lumens was similar to that observed after in situ drip-fixation
(Fig. 4C) in terms of labeling intensity. The artifacts seemed to
be due to leakage of plasma proteins from the capillary lumen
during the fixation procedure. The mesangial matrix was also
labeled for albumin and the intensity of the labeling was
somewhat dependent on that in the capillary lumens.
Negative controls
Experiments performed to assess the specificity of the label-
ing yielded either no or a very few gold particles over glomeruli
under all conditions tested (Fig. 5).
Morphometric analysis of endogenous proteins in the GBM
A morphometric approach was used to determine the distri-
bution of the labeling of various proteins more quantitatively
using in situ drip-fixation, since more consistent results were
obtained with this method. The percent distributions are pre-
sented in Figure 6. The distribution of albumin was found to be
asymmetrical with a preferential accumulation towards inner
1/5 to 1/3 of GBM, where a peak of labeling occurred (Fig. 6A).
From this peak, the labeling density decreased towards the
epithelial side (Fig. 6A). In contrast, IgG labeling and trans-
ferrin labeling were most prominent in the subendothelial region
and gradually decreased towards the epithelial side (Fig. 6 B
and C).
The calculated percent thickness of the LRI, LD, and LRE
relative to the full width of GBM in Lowicryl K4M-embedded
sections were 17%, 62% and 21%, respectively. However, as
stated earlier, it is uncertain if what we defined as these layers
exactly reflected those by conventional electron microscopy.
The relative density of the gold labeling in the various GBM
layers is shown in Table 1. The density for albumin in the LRI
was significantly lower (by about 10%) than that for IgG and
transferrin, and the relative density of albumin labeling in the
LD was significantly higher (by about 10%) than that of IgG and
transferrin. The relative density of albumin labeling in the LRE
was significantly lower than that of IgG and transferrin.
Discussion
The present study demonstrated that while 1gM (molecular
wt 900,000) was completely retarded by GBM at the level of
endothelial fenestra or at LRI, albumin (molecular wt 69,000),
transferrin (molecular wt 90,000) and IgG (molecular wt
180,000) penetrated into the GBM.
If there is a complete filtration barrier for any proteins in
particular layer of GBM, it follows that the proteins should
collect just beneath that barrier and that very little proteins
should be found beyond it. However, as shown in our study,
albumin labeling had a gradient that increased towards the inner
1/5 to 1/3 of the GBM and decreased towards the outer side of
the GBM (Fig. 6A). This may show that a barrier for this
molecule resides at the site of this peak of labeling and/or
further away than this site. Our result does not agree with those
of Ryan et al [5, 6], which showed very little albumin and IgG
beyond the level of endothelial fenestra by immunohistochem-
istry. The difference may be attributed to the difference in
methods.
IgG has much larger molecular size (molecular wt 180,000, p1
6.9 to 7.2) than transferrin (molecular wt 90,000, p1 5.9) and
albumin (molecular wt 69,000, p1 4.7), and its p1 is within
neutral range, whereas transferrin has a molecular size a little
larger than albumin, but a p1 of an acidic range like albumin.
With these physical properties, transferrin showed an intra-
GBM distribution pattern similar to that of IgG, but not to that
of albumin. This finding, together with the distribution pattern
of albumin, suggests the role of a charge-based barrier at the
inner aspect of the GBM.
As the relative density of IgG and transferrin was signifi-
cantly higher than that of albumin in LRE (Table 1), this site
also seems to be a charge-selective barrier. Along with the
concept that a network of type IV collagen is likely to constitute
a size-selective barrier mainly in LD [12], there is growing body
of evidence that anionic charge of LRs, provided by sulfated
proteoglycans [13, 14], constitute the charge-based barrier. The
tracer study using native and cationic ferritin has supported this
concept [15]. It has also been shown that ruthenium red [16],
polyethyleneimine [17] and cuprolinic blue [18] stain the sul-
fated proteoglycans. While the former two probes demonstrate
the anionic sites as polygonal granules distributed in semi-
periodic arrays, cuprolinic blue show as fibrils which run
perpendicular to the long axis of GBM [18]. However, there is
a difference in distribution pattern of anionic sites revealed by
these cationic dyes between LRE and LRI, the latter being
more irregular. This may be due to the fact that LRI is more
disorganized than LRE [17] and may provide the possibility that
LRI is less effective as a charge-based barrier than LRE. Most
recently, Bendayan's group [19] have shown that the adminis-
tration of cationized albumin labels LRI and LRE almost
equally. This suggests that cationic albumin labeled anionic
sites other than sulfated proteoglycans, or that some other
factors may be operating in vivo, such as the concentration
polarization effect, to enhance the charge-selective effect [6].
Recently, Bartolatus and Hunsicker [20] have emphasized an
importance of carboxyl groups in GBM for the maintenance of
glomerular selective permeability in vivo not only for charge-
selectivity, but also for size-selectivity.
Our perfusion study demonstrated that the endogenous
plasma protein detected in our study would not be bound tightly
to GBM (Fig. 3). In the mesangial area, only 1gM remained after
perfusion fixation (Fig. 3B) probably due to its larger molecular
size. Therefore, the antigenic sites detected in the GBM after in
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situ drip-fixation do not imply fixed endogenous proteins, but
may merely reflect transient localization in the GBM.
Bendayan et a! have applied the protein A gold technique for
the detection of intra-GBM endogenous proteins in biopsied
kidney specimens of normal versus diabetic rats [21, 22], and of
normal versus nephrotic humans [23]. They have proposed that
immersion fixation is an adequate approach for the morpholog-
ical study of glomerular permeability. However, our immersion
fixation study (Fig. 4) showed that there was occasional wash-
out of albumin from the capillary lumen resulting in the sparse
labeling of GBM with albumin, and that the distribution of
albumin was somewhat perturbed, probably due to the influ-
ence of glomerular hemodynamic factors [5, 6, 24]. Therefore
we chose in situ drip-fixation as the best method. Although this
method still suffers from the artifacts arising from perturbation
of glomerular capillary hemodynamics [25], it seems that this is
the only method available at present to minimize the artifacts
caused by routine immersion fixation, such as the partial or
complete loss of soluble proteins from the glomerular capillary
lumen during sectioning and fixation of tissues.
In conclusion, central and outer zone of GBM, which may
correspond to LD and LRE, respectively, constitute a main
filtration barrier for albumin, whereas the whole width of GBM
acts as a barrier for IgG and transferrin. The barrier function of
GBM for the endogenous protein studied is not on an all-or-
nothing basis.
Acknowledgments
We thank Dr. Yoshinori Muranaka of the Central Laboratory for
Electron Microscopy at Hamamatsu University School of Medicine and
Miss Megumi Oka of the Department of Medicine at Teikyo University
School of Medicine for their technical assistance, and Drs. A. Vogt and
R. Batsford at the Institute of Immunology, Center for Hygiene,
University of Freiburg for valuable discussions.
Reprint requests to Dr. Mitsumasa Nagase, M.D., First Department
of Medicine, Teikyo University School of Medicine, 2-11-1 Kaga,
Irabashi-ku Tokyo, 173 Japan.
References
1. BATSFORD SR, ROHRBACH R, V0GT A: Size restriction in the
glomerular capillary wall. Importance of lamina densa. Kidney mt
31:710—717, 1987
2. BARNES JL, VENKATACHALAM MA: Enhancement of glomerular
immune complex deposition by a circulating polycation. J Exp Med
160:286—293, 1984
3. BARNES JL, RADNIK RA, GILcHRI5T EP, VENKATACHALAM MA:
Size and charge selective permeability defects induced in glomer-
ular basement membrane by a polycation. Kidney mt 25:11—19,
1984
4. REALE F, LUCIANO L, KUEHEN KW: Ultrastructural architecture
of proteoglycans in the glomerular basement membrane. A cyto-
chemical approach. J Histochem Cyrochem 31:662—668, 1983
5. RYAN GB, KARNOVSKY MJ: Distribution of endogenous albumin in
the rat glomerulus. Role of hemodynamic factors in glomerular
barrier function. Kidney mt 9:36—45, 1976
6. RYAN GB, HEIN SJ, KARNOVSKY MJ: Glomerular permeability to
proteins. Effects of hemodynamic factors on the distributions of
endogenous immunoglobulin G and exogenous catalase in the rat
glomerulus. Lab Invest 34:415—427, 1976
7. LALIBERTE F, SPAIN C, BELAIR MF, DRUET P, BARIETY J: The
localization of the filtration barrier in normal rat glomeruli by
ultrastructural immunoperoxidase techniques. Biologie Cellu-
laraire 31:15—26, 1978
8. BENDAYAN M: Protein A-gold electron microscopic immunocyto-
chemistry. Methods, application, and limitations. J Electron Mi-
crosc Tech 1:243—270, 1984
9. M&r.cir.n G, CARBONARA AO, HERMANS iF: Immunochemical
quantitation of antigens by single radial immunodiffusion. Immu-
nochemistry 2:235—254, 1965
10. CARLEMALM E, GARAVITO RM, VILLIGER W: Resin development
for electron microscopy and an analysis of embedding at low
temperature. J Microsc 126:123—143, 1982
11. OSAWA G, KIMMELSTIEL P, SElLING V: Thickness of glomerular
basement membranes. Am J Clin Pathol 45:7—20, 1966
12. KANWAR YS: Biology of disease. Biophysiology of glomerular
filtration and proteinuria. Lab Invest 51:7—21, 1982
13. KANWAR YS, FARQUHAR MG: Presence of heparan sulfate in the
glomerular basement membrane. Proc Nat! Acad Sci USA 76:1303—
1307, 1979
14. MYNNDERESE LA, HASSEL JR, KLEINMAN HK, MARTIN GR,
MARTINEZ-HERNANDEZ AM: Loss of heparan sulfate proteoglycan
from glomerular basement membrane of nephrotic rats. Lab Invest
48:292—302, 1983
15. RENNKE HG, VENKATACHALAM MA: Glomerular permeability: In
vivo tracer studies with polyanionic and polycationic ferritins.
Kidney Int 11:44—53, 1977
16. KANwAR YS, FARQUHAR MG: Anionic sites in the glomerular
basement membrane. In vivo and in vitro localization in the Iaminae
rarae by cationic probes. J Cell Biol 81:137—153, 1979
17. PILLA PA, SwAIN RP, WILLIAMS AV, LOADHOLT CB,
AINSWORTH SK: Glomerular anionic site distribution in nonpro-
teinuric rats. A computer-assisted morphometric analysis. Am J
Pathol 76:1303—1307, 1985
18. KOBAYASHI 5, NAGASE M, HONDA N, ADACHI K, ICHINOSE N,
HISHIDA A: Analysis of glomerular anionic charge of glomerular
basement membrane in aminonucleoside nephrosis. Kidney Int
35:1405—1408, 1989
19. GHITE5cu L, DEASJADIN SM, BENDAYAN M: Immunocytochemi-
cal study of glomerular permeability to anionic, neutral and cationic
albumins. Kidney Int 42:25—32, 1992
20. BERTOLATUS JA, HUNSICKER LG: Polycation binding to glomerular
basement membrane. Effect of biochemical modification. Lab
Invest 56: 170-179, 1987
21. BENDAYAN M, GINGRAS D, CHAREST P: Distribution of endoge-
nous albumin in the glomerular wall of streptozotocin-induced
diabetic rats as revealed by high-resolution immunocytochemistry.
Diabeto!ogia 29:868—875, 1986
22. DESJARDINS M, BENDAYAN M: U!trastructural distribution of en-
dogenous IgGs in the glomerular wall of control and diabetic rats.
Histochem J 21:731—742, 1989
23. Russo PA, BENDAYAN M: Distribution of endogenous albumin in
the g!omeru!ar wall of proteinuric patients. Am J Pathol 137:1481—
1490, 1990
24. OLIVETTI G, KITHIER K, GIACOMELLI F, WIENER J: Glomerular
permeability to endogenous proteins in the rats. Effect of acute
hypertension. Lab Invest 44:127—137, 1981
25. JAREMKO G, KALLSKOG 0, Bol-IMAN 5: In vivo dripping fixation of
the superficial renal cortex. XIth International Congress of Neph-
rology (abstract), p. 365A
